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Objectives:

The purpose of the study was to gain additional information on the effects of water
loading on urine concentration, based on paired measurements of urine creatinine and
specific gravity. Criteria for specimen validity testing' 2, issued by the Department of
Health and Human Services, identified a urine specimen as "substituted” based on
creatinine < % mg/dL and specific gravity < 1.001 or = 1.020. Specimen validity testing
is authorized on those urine specimens collected under federally regulated® * programs.
HHS issued a state-of-the-science paper® describing its review and evaluation of over
forty research studies which examined clinical data from a variety of studies of human
populations including varying biological factors in humans, specific medical conditions
which result in serious over hydration, and water loading experiments. All of the
scientific literature, particularly evaluation of paired values for creatinine and specific
gravity, defines urine meeting the above (substituted) criteria as not being consistent
with normal human urine. After its establishment, this definition became a subject of
debate. Two of the primary complaints were that the data produced from the forty-odd
studies did not contain a reasonable number of the paired creatinine and specific gravity
data points, nor were much of the data gathered from female subjects. This study was
conducted to gain further confidence in the criteria for the specimen defined as
“substituted,” by gathering paired data from predominately female participants.

Study Protocol:

Since creatinine production is primarily a function of muscle mass®, participation in the
study was purposely biased toward females. All participants in the study were of
reasonable working age (19 — 56). All participants volunteered to consume at least 80
oz. of fiuid spread evenly over six consecutive hours. The protocol asked for 40 oz. to
be consumed within the first three hours of the six-hour test period. This would be
immediately foliowed by the consumption of at least another 40 oz. in the last three
hours of the six-hour test period. Urine specimens were collected at the start of the six-
hour test period and at the end of each hour in the test period. Urine specimens were
also collected on awakening the morning of the test day and on awakening the morning
following the test day (this amounted to a total of nine urine specimens expected from
each participant).

Each participant was asked to document the amount and type (water, coffee) of fluid
consumed from awakening through completion of the six-hour period, along with the
total amount of urine produced in the same time period. Height, weight, age, ethnicity,



eating habits, and medications taken regularly and on the day of the collections were
also documented.

Laboratory Analysis:

All urine specimens were sent to a HHS-certified laboratory (Kroll LSI, Gretna, LA)
where creatinine and specific gravity were measured. Measuremenis were completed
on all specimens within one to four days after being collected. Creatinine was
measured on each specimen on a Hitachi 747 using a modified Jaffé method.
Instrument calibration was performed using known standards, with calibration being
checked using control materials. The accuracy of the creatinine assay at the critical 5
mg/dL concentration was verified by inclusion of a 4.0 mg/dL creatinine quality control
with each batch analysis. Specific gravity was measured on each specimen on a Atago
Model UG-1 electronic refractometer, with the instrument calibrated to de-ionized water
at 1.000 and verified with quality control samples.

Results:

Fifty-four separate participants, plus two participants repeating the study protocol on a
different day, provided a total of 500 urine specimens. 504 specimens were expected,
however, three participants did not collect one of the specimens on awakening, and one
person was unable to complete the second three hours of drinking per the test protocol.
Also, two participants, on request, provided an extra specimen one hour after the end of
the six-hour test period. Overall, specimens were obtained from thirteen males and 43
females (the two persons repeating the study protocol were female).

Twelve participants (5 men and 7 women) cocnsumed over one gallon of fluid by the
end of their test periods. Two participants were unable to consume the minimum
amount of fluid originally intended (total of 80 oz., or approximately 2370 mL, spread
evenly over the six hours); the remainder consumed at least the minimum requested.

Results of all participant data are shown in Table 1, all paired data points for
creatinine and specific gravity are included in Figure 1.

A high percentage of participants -- 75% of all participants -- were able to produce at
least one low or “dilute” specimen during the testing process (see Table 2.). A dilute
specimen is defined by HHS criteria as: creatinine < 20 mg/dL and specific gravity <
1.003.

Only 113 out of the 500 specimens (22.6%) made it into the dilute range under these
extreme conditions.

Typical hydration profiles are shown in Figures 2 and 3.

None of the specimens were identified as "substituted” based on the aforementioned
criteria (see Figure 4.).

Conclusion:
The exarnination of paired values of creatinine and specific gravity from 500

specimens collected under water loading conditions supports the criteria developed by
HHS.
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Specific Gravity
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All data points (500 pairs)
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Participants: Participants with at  Number of diluted

(Sex -- Race) Number least one diluted specimens by race
specimen
Male
White 8 4 7
Black 1 1 1
Hispanic 3 2 2
Asian 1 - -
Male Sub-Totals 13 7 (53.8%) 10
Female
While 27 23 70
Black 4 2 4
Hispanic 10 9 28
Asian 2 1 1
Female Sub-Totals 43 35 _ (81.3%) _1 03
Participant Totals 56 42  (75%) 113

Diluted Specimens by Sex and Race
Table 2.
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